Horn BJ, Lake RJ. Incubation period for campylobacteriosis and its importance in the estimation of incidence related to travel. Euro Surveill. 2013;18(40) Differentiation between travel-related and domestic cases of infectious disease is important in managing risk. Incubation periods of cases from several outbreaks of campylobacteriosis in Canada, Europe, and the United States with defined exposure time of less than 24 hours were collated to provide information on the incubation period distribution. This distribution was consistent across the varied outbreaks considered, with 84% (702/832) of cases having an incubation period of four days or less and 1% having an incubation period of eight days or more. The incubation period distribution was incorporated into a model for the number of travel-related cases presenting with symptom onset at given dates after return to their country of residence. Using New Zealand notification data between 2006 and 2010 for cases who had undertaken foreign travel within 10 days prior to symptom onset, we found that 29.6% (67/227 cases; 95% confidence interval (CI): 28.3-30.8%) of these cases were likely to have been domestic cases. When cases with symptom onset prior to arrival were included, the probable domestic cases represented 11.8% (67/571; 95% CI: 11.2-12.3%). Consideration of incubation time distributions and consistent collection of travel start/ end dates with symptom onset dates would assist attribution of cases to foreign travel.
Introduction
The World Tourism and Travel Council reports that international travel grew in both traveller numbers and economic value for the third consecutive year in 2012 for all regions, including Europe [1] . Therefore differentiation between travel-related and domestic cases of infectious disease is increasingly important to researchers and regulators seeking to understand the epidemiology of disease and potential preventive measures within a single country. The proportion of travel-related bacterial enteric disease cases has been estimated as approximately 20% for North America and England [2] [3] [4] , while in Scandinavia and Switzerland the proportion is approximately 50% [5] [6] [7] .
To classify a case as infected abroad, the exposure event should have occurred outside the country of residence. Cases that arrive in the country exhibiting symptoms and were out of the country for the entire potential incubation period can be easily categorised. For short visits abroad, it is possible that the infection was acquired domestically before leaving. Cases for which there is a period of time between arrival and symptom onset are more difficult to assign. It is possible that some cases with symptom onset after returning home were actually the result of an exposure in their home country, but with a short incubation period. Thus there is potential for over-reporting of travelacquired illness.
The generally accepted incubation period for campylobacteriosis is two to five days, with a range of one to 10 days [8] . The assignment of a notified case as a travel-related case, or 'out-of-country' acquired infection often depends on the judgement of a doctor or public health worker with knowledge of the incubation period of the pathogen involved. For example, in a Swedish study the clinical notifications were described as infected abroad 'based on the best judgment of the notifying clinician based on patient history and knowledge of the characteristics of the pathogen in question' [5] . The United States (US) FoodNet defines a campylobacteriosis case as foreign-travel related when the patient returned from an international destination within seven days of illness onset [2] . Studies of the importance of travel with regards to acquiring campylobacteriosis using data from the United Kingdom [4, 9] and Finland [10] have considered as travel-related campylobacteriosis cases those which had been abroad either five days or two weeks preceding the onset of illness.
In New Zealand, the notified rate of campylobacteriosis in 2011 was 151.9 per 100,000 population (6,692 cases) [11] . Campylobacteriosis risk factor data on notified cases is collated by Public Health Unit (PHU) staff and may include foreign travel risk factor information. This information includes symptom onset date, arrival date back in New Zealand, and for some cases the countries visited and duration of the visits. In 2011, of those who reported the information, 7.3% reported overseas travel during the incubation period. The notification instructions list campylobacteriosis as having the generally accepted incubation period as above.
The aim of this paper is to establish the incubation period profile for campylobacteriosis from defined exposure events reported in the scientific literature, and to use this to model New Zealand notification data to improve estimation of the proportion of cases with symptom onset after arrival, which were infections acquired outside the country.
Methods

Review of incubation times
To establish a distribution for the likely incubation period for campylobacteriosis, international outbreak reports from the scientific literature located by keyword searches in PubMed 'campy* AND outbreak' and Science Direct 'campylobacter AND outbreak' were reviewed. The records were reviewed by title, abstract, and if necessary full text, to identify outbreaks of campylobacteriosis (only) which could be associated with a fixed event, and where the event started and finished within a 24 hour period. Examples included sporting and entertainment events. Outbreaks associated with contaminated drinking water or ongoing food supplies were not included, as it was not possible to define the exact exposure date for cases associated with this type of outbreak.
Reports from outbreaks with fixed exposure dates were then reviewed for information on the period between exposure event (day 0) and the onset of symptoms. This provides the incubation time in days for campylobacteriosis symptoms to appear.
For some outbreaks the time to symptom onset is given for both laboratory-confirmed and suspected (probable) cases. For the purposes of this paper, we assumed all suspected cases that occurred within the time range of the occurrence of confirmed cases were also due to the exposure associated with the outbreak.
The periods between exposure and symptom onset retrieved from the individual outbreak reports were examined graphically to compare the distribution of incubation periods for consistency across different events. We then combined the cases from the outbreaks and compiled a data set including all the cases with known period between exposure and symptom onset. This dataset was used to establish the distribution of incubation times. For the proportion of cases with given incubation periods (days), 95% confidence intervals (CI) were estimated from the 2.5th and 97.5th percentiles of 5,000 bootstrap samples taken with replacement. Analyses were conducted using the R statistical package [12] .
Review of New Zealand notification data
Notification data are recorded using a web-based application (EpiSurv) available to staff at each of the 18 PHUs in New Zealand. These data are transferred to the Institute of Environmental Science and Research (ESR) Ltd., where they are collated, analysed and reported on behalf of the Ministry of Health.
Anonymised notification reports of cases of campylobacteriosis for which foreign travel was reported as a risk factor were obtained from EpiSurv for the period 2006 to 2010, following approval from the MultiRegion Ethics Committee. These records were carefully reviewed to identify a subset of the cases which reported both the date of arrival in New Zealand and the date of onset of symptoms which was either during travelling or after return to New Zealand. The time in days relative to arrival in New Zealand was calculated for each case, with the arrival date set to day zero. While there are fields for the dates of arrival to and departure from countries visited in the notification database, these fields are rarely filled in and so were not used in this study.
The incubation period distribution derived from the combined outbreak dataset was used to estimate the proportion of travel-related cases with symptoms starting on each day in the range of one to 10 days after returning to New Zealand that could be due to domestically-acquired infection. It was assumed that cases were equally likely to have been infected on any of the 10 days prior to arriving in New Zealand, and there was no difference in the distribution of the incubation period for infections acquired domestically and abroad. Given these assumptions, the estimated number of cases associated with travel abroad with onset on day d after arrival in New Zealand, C T , can be given by,
The scaling factor, A, was derived from fitting the equation to the number of cases recording symptom onset one day after return to New Zealand and the proportion of cases with incubation period i was taken from the outbreak data distribution.
The number of estimated foreign travel-related cases was compared graphically to the number of notified cases associated with foreign travel to determine the number of days after arrival in New Zealand after which any consistent difference in the two estimates could be observed. From this point, the difference between the notifications and the model outputs for the remaining days up to 10 days post arrival in New Zealand was used to estimate the over-prediction of travel-acquired infections. The estimated over-prediction of travelacquired infections were presented as the 2.5th, 50th and 97.5th percentiles of over-prediction calculated from 5,000 bootstrap samples of the incubation period distribution taken with replacement.
Results
Incubation period distribution
From the PubMed (641 records) and Science Direct (85 records) searches, seven outbreaks with known distinct exposure events and number of reported cases for each incubation period (days) were identified. These are summarised in the Table. Laboratory-confirmed Campylobacter jejuni was reported as being associated with all the outbreaks. The three largest outbreaks each involved between 78 and 451 cases [13] [14] [15] and provided incubation periods for a total of 754 cases while four smaller outbreaks [16] [17] [18] [19] involved 11 to 24 cases per outbreak and provided a total of 78 incubation periods.
The incubation period distribution is presented in Figure 1a for the three large outbreaks and Figure 1b for the smaller outbreaks. The incubation period distribution is displayed as the cumulative proportion of the cases in each outbreak to have an incubation period of equal to or less than the days given. The distribution curves are similar for the large and smaller outbreaks. Figure 2 shows the distribution of incubation period for cases from all outbreaks for up to 10 days. Of the 832 cases with known exposure and symptom onset dates, only 17 (1%) recorded an incubation period of greater than seven days. Most cases, 702 (84%), had an incubation period of four days or less.
Overseas travel case attribution
A total of 945 confirmed New Zealand cases of campylobacteriosis with overseas travel as a reported risk factor over the period 2006 to 2010 were obtained from EpiSurv records. Of these, 121 (13%) did not have an exact symptom onset date and of the remaining records 253 (27%) did not have an exact arrival date in New Zealand. These cases were excluded from the analysis, resulting in 571 records (60%) where the number of days between arrival in New Zealand and symptom onset could be calculated. For 344 of these cases, symptoms had occurred prior to arrival in New Zealand, leaving 227 cases with a defined period to symptom onset of one to 10 days after arrival. Figure 3 shows the frequency of cases' symptom onset relative to the number of days after arrival in New Zealand. Most cases (66%) record symptom onset within one to four days, but for longer periods the frequency is higher than might be expected from the distribution shown in Figure 2 .
The incubation period distribution in Figure 2 was used to derive a likely frequency distribution for symptom onset following arrival in New Zealand. The scaling factor for this data, A, was derived to be 69.5 cases, which resulted in a predicted frequency of cases which acquired campylobacteriosis abroad, also shown in Figure 3 .
Comparison of the predicted number of cases associated with foreign travel, with the number of cases reporting foreign travel as a risk factor in notification records (Figure 3) suggests that a proportion of the cases with symptom onset of five or more days after arrival in New Zealand could be domestic cases. Using the subset of travel-associated cases with symptom onset after return to New Zealand, this proportion with domestically-acquired campylobacteriosis is 67/227 (29.6%, 95% CI: 28.3-30.8%) of cases. A lower bound for the overestimation of all travel-associated cases, 67/571 (11.8%, 95% CI: 11.2-12.3%), can be calculated by assuming that all infections with symptom onset before arrival were acquired overseas. However, this overestimation percentage will be higher if some of the cases became infected before the start of their travels. 
Discussion
This analysis suggests the importance of travel as a risk factor may be overestimated when only 'yes/no' answers to foreign travel in the incubation period data from notification records are considered. This is a minor adjustment for New Zealand, where travel is estimated to be a risk factor in less than 10% of notified cases of campylobacteriosis [11] . However, in Europe and North America where travel-related cases are a higher proportion of the total reported, and where out of country travel may be for shorter periods, the adjustment required to attribution estimates, based on our results, may be more significant.
The analysis depends on reported outbreak incubation period data. The three largest outbreaks considered in this study have similar distributions for incubation period, with nearly half the cases showing symptoms within two days of the exposure event and 85% of cases reporting symptoms starting in the first four days after the exposure event. The four smaller outbreaks show more variation than the larger outbreaks. The wedding meal outbreak [16] has a larger number of cases with short incubation periods (≤3 days) while the farm visit [17] and the barbeque outbreak [19] have a smaller proportion of cases showing symptoms over this time period. Such variation may be strain dependent or due to the natural variation expected from sampling smaller datasets. Combining the data from the four smaller datasets provides a distribution close to those given by the three larger datasets as shown in Figure 1a .
In the outbreaks considered, only 18 of the 832 cases had an incubation period of more than seven days. In the outbreak reported by Evans et al [17] , all 23 primary cases had symptom onset within seven days after the farm visit. However, a number of secondary cases were observed from day seven onwards, which were family members of cases who did not take part in the farm visit. It is possible that notified or outbreak cases with incubation periods of eight to 10 days do not all result from the identified exposure, but are actually secondary cases.
In this analysis we have assumed that all strains of Campylobacter have the same incubation period pattern, which is supported by the consistency of the outbreak data. Studies in Switzerland and New Zealand have found differing genotypes of Campylobacter in domestic and travel-associated cases [7, 20] . We also assume the incubation period pattern found in the various countries listed in the Table where outbreaks occurred also applies to the New Zealand population.
A recent analysis of gastrointestinal infections for Norway found that of those reported as travel-associated and with symptom onset after travel return, 94% of campylobacteriosis cases occurred within the commonly reported incubation period (≤5 days), and over 98% occurred within the maximum incubation period (≤10 days) [6] . Our analysis of outbreak data is in agreement with these results (92% of cases with an incubation period ≤5 days).
Data on arrival and symptom onset dates were essential for this type of analysis, and enabled careful filtering of the records. As was also found in the analysis of cases from Norway, data for return date and date of symptom onset were complete for only approximately 60% of New Zealand cases which may have been travel associated [6] . We concur with those authors in recommending more complete reporting of travel data, in particular date of departure and duration of travel, as exposures prior to departure may be important for very short trips (less than 4-5 days) combined with longer incubation periods. Such information should be included in the risk factor information collated as part of case investigations.
Although the adjustment for travel-associated cases examined in this paper will not identify specific cases that could be domestically acquired, it would improve estimation of the incidence of domestically-acquired infections, and hence burden of disease. We recommend a close examination of the incubation period distribution as part of future estimates of the attribution of diseases to foreign travel. Number of cases
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